The crystal structures of the disordered hemi-DMSO solvate of (E)-2-oxo-N 0 -(3,4,5-trimethoxybenzylidene)-2H-chromene-3-carbohydrazide, C 20 H 18 N 2 O 6 Á-0.5C 2 H 6 OS, and (E)-N 0 -benzylidene-2-oxo-2H-chromene-3-carbohydrazide, C 17 H 12 N 2 O 3 (4: R = C 6 H 5 ), are discussed. The non-hydrogen atoms in compound [4: R = (3,4,5-MeO) 3 C 6 H 2 )] exhibit a distinct curvature, while those in compound, (4: R = C 6 H 5 ), are essential coplanar. In (4: R = C 6 H 5 ), C-HÁ Á ÁO andintramolecular interactions combine to form a three-dimensional array. A three-dimensional array is also found for the hemi-DMSO solvate of [4: R = (3,4,5-MeO) 3 C 6 H 2 ], in which the molecules of coumarin are linked by C-HÁ Á ÁO and C-HÁ Á Á interactions, and form tubes into which the DMSO molecules are cocooned. Hirshfeld surface analyses of both compounds are reported, as are the lattice energy and intermolecular interaction energy calculations of compound (4: R = C 6 H 5 ).
The crystal structures of the disordered hemi-DMSO solvate of (E)-2-oxo-N 0 -(3,4,5-trimethoxybenzylidene)-2H-chromene-3-carbohydrazide, C 20 H 18 N 2 O 6 Á-0.5C 2 H 6 OS, and (E)-N 0 -benzylidene-2-oxo-2H-chromene-3-carbohydrazide, C 17 H 12 N 2 O 3 (4: R = C 6 H 5 ), are discussed. The non-hydrogen atoms in compound [4: R = (3,4,5-MeO) 3 C 6 H 2 )] exhibit a distinct curvature, while those in compound, (4: R = C 6 H 5 ), are essential coplanar. In (4: R = C 6 H 5 ), C-HÁ Á ÁO andintramolecular interactions combine to form a three-dimensional array. A three-dimensional array is also found for the hemi-DMSO solvate of [4: R = (3,4,5-MeO) 3 C 6 H 2 ], in which the molecules of coumarin are linked by C-HÁ Á ÁO and C-HÁ Á Á interactions, and form tubes into which the DMSO molecules are cocooned. Hirshfeld surface analyses of both compounds are reported, as are the lattice energy and intermolecular interaction energy calculations of compound (4: R = C 6 H 5 ).
Chemical context
Tuberculosis (TB) is one of the world's most infectious killer diseases, claiming 4,500 lives each day (https://www.who.int/ en/news-room/fact-sheets/detail/tuberculosis). The development of drug resistance to the first-line drugs seriously compounds the dangers of the disease. The latest multidrugresistant TB data analysis shows that 4.1% of new and 19% of previously treated TB cases in the world are estimated to have rifampicin-or multidrug-resistant tuberculosis (MDR/RR-TB) and about 6.2% of the MDR-TB cases have additional drug resistance, extensively drug-resistant TB (XDR-TB) (www.who.int/tb/challenges/mdr/MDR-RR_TB_factsheet_ 2017.pdf). As a result of the increase of MDR-TB/XDR-TB and AIDS cases worldwide, associated with the lack of efficacy of available drugs, the discovery of new potent and safer drugcandidate prototypes able to treat this disease has become an urgent challenge.
The N-acylhydrazone functional group, -C(O)-NH-N CH-, is found in many compounds having important and diverse biological activities (Fraga & Barreiro, 2006; Singh et al., 2016) , including their use in the fight against tuberculosis, especially the drug-resistant forms (Cardoso et al., 2011; Souza et al., 2017) . Specifically, N-acylhydrazonyl-containing 2Hchromene derivatives have been found to possess significant anti-mycobacterial activities (Angelova et al., 2017; Cardoso et al., 2011) . The Angelova et al. (2017) study revealed compounds of type 1-3 (R = aryl) in the schematic diagram as having in vitro antimycobacterial activities against Mycobacterium tuberculosis H37Rv comparable to the first-line drugs, isoniazid (INH) and ethambutol, while the Cardoso et al. (2011) study indicated compounds of type 4 (R = aryl) in the schematic diagram to be active against Mycobacterium tuberculosis ATCC 27294. Of interest, 4 (R = 3-MeOC 6 H 4 ) and (R = 4-MeOC 6 H 4 ), but not 4 [R = 3,4-(MeO) 2 C 6 H 3 ] exhibited better activities than did pyrazinamide (Cardoso et al., 2011) .
We have continued studies of the Mycobacterial activities of compounds of type 4 (Capelini et al., 2019) against various strains, namely M. tuberculosis H37Rv ATCC 27294 INHresistant Mtb, multidrug-resistant Mtb and wild INH/RIFresistant Mtb isolates: [4: R = (3,4,5-MeO) 3 C 6 H 2 ] exhibited significant activity against the INH resistant/RIP resistant strain, M. tuberculosis SR 5110/1116. We now wish to report the crystal structures and the Hirshfeld surface analyses of a DMSO hemi-solvate of this compound and also that of the parent compound, (4: R = C 6 H 5 ), an inactive compound. In addition, lattice energy and intermolecular interaction energy calculations are reported for 4 (R = C 6 H 5 ). This article also continues our reporting of the structures of nitrogencontaining 2-oxo-2H-chromene derivatives (Gomes et al., 2016a) .
Structural commentary
The solvate [4: R = (3,4,5-MeO) 3 C 6 H 2 Á0.5DMSO] crystallizes in the orthorhombic space group C2/c, with one molecule of the coumarin and with a half DMSO solvate molecule spread over two symmetry-related sites in the asymmetric unit, Fig. 1 . Compound (4: R = C 6 H 5 ) crystallizes in the triclinic space group P1 with one molecule in the asymmetric unit, see Fig. 2 . The geometry about the C N bond of the hydrazine moiety is (E) in both cases. There are intramolecular C2-H2Á Á ÁO1 and C4-H4Á Á ÁO31 hydrogen bonds (Tables 2 and 3 ) present in both molecules. The non-hydrogen atoms, with the additional exclusion of atoms in the three methoxy groups in the phenyl substituent unit of [4: R = (3,4,5-MeO) 3 C 6 H 2 Á0.5DMSO], form a distinctively curved arrangement, as illustrated in Fig. 1b . In contrast, the non-hydrogen atoms in (4: R = C 6 H 5 ) are essentially co-planar, see Fig. 3 . The bond lengths in the linker chain between the coumarin and phenyl moieties are indicative of electronic delocalization, see Table 1 .The interplanar angles, coumarin/linker, linker/phenyl and phenyl/coumarin in [4: R = (3,4,5-MeO) 3 C 6 H 2 Á0.5DMSO], are 7.70 (7), 11.43 (8) and 14.97 (5) , compared to 2.89 (5), 5.07 (5) and 7.05 (4) , respectively, in (4: R = C 6 H 5 ). In [4: R = (3,4,5-MeO) 3 C 6 H 2 ], as expected for a compound with adjacent methoxy groups on the 3,4 and 5 positions of a phenyl ring, the middle methoxy group is out of the plane of its phenyl group (see, for example, Peralta et al., 2007; Howie et al., 2010; Gomes et al., 2016b (Table 3) and by a C OÁ Á Á(1) interaction: the three rings in compounds 4 have been given the designations (1) for the O1/C2-C4/C4A/C8A, (2) for the C4A/C5-C8/C8A and (3) for the C341-C346 rings with centroids Cg1, Cg2 and Cg3, respectively. A two-molecule wide column is generated from a combination of the C4-H4Á Á ÁO31, C5-C5Á Á ÁO31 and C441-H41CÁ Á ÁO345 hydrogen bonds, see Fig. 3a . Within the columns, the C4-H4Á Á ÁO31 and C5-H5Á Á ÁO31 interactions generate R 1 2 (5) rings and pairs of the C441-H41CÁ Á ÁO345 hydrogen bonds lead to R 2 2 (12) rings. These two-moleculewide columns are linked by the carbonyl-arene interaction Table 2 Hydrogen-bond geometry (Å , ) for [4: R = (3,4,5-MeO) 3 C 6 H 2 Á-0.5DMSO].
Cg1, Cg2 and Cg3 are the centroids of the O1/C2-C4/C4A/C8A, C4A/C5-C8/ C8A and C341-C346 rings, respectively. Symmetry codes: (i) Àx þ 3 2 ; Ày þ 3 2 ; Àz þ 2; (ii) Àx þ 1; y; Àz þ 3 2 ; (iii) Àx þ 3 2 ; y À 1 2 ; Àz þ 3 2 ; (iv) Àx þ 1; y þ 1; Àz þ 3 2 ; (v) Àx þ 1; Ày; Àz þ 1; (vi) x; y À 1; z; (vii) Àx þ 1; Ày þ 1; Àz þ 1. Table 3 Hydrogen-bond geometry (Å , ) for (4: R = C 6 H 5 ). Symmetry codes: (i) Àx; Ày þ 1; Àz þ 1; (ii) Àx þ 2; Ày; Àz þ 1.
Figure 2
Compound (4: R = C 6 H 5 ). (a) Molecular structure and numbering scheme with displacement ellipsoids drawn at the 50% level and (b) side-on view of the conformation. C31 O31Á Á Á(1) into undulating sheets, see Fig. 3b . A further structural subset is formed from a series of C-HÁ Á Á interactions: C431-H43BÁ Á Á(3) and C451-H51BÁ Á Á(3) separately form chains of [4: R = (3,4,5-MeO) 3 C 6 H 2 ] propagating in the b-axis direction, while the C451-H51CÁ Á Á2 interaction generates a spiral chain of molecules; together these three interactions form a tube, into which the disordered DMSO molecule is cocooned, held there by a number of C-HÁ Á ÁX (X = O, N and S) hydrogen bonds. A view of the channels in which the the disordered DMSO sits is shown in Fig. 3c . These channels run along the crystallographic twofold axis.
The intermolecular interactions in compound (4: R = C 6 H 5 ) are C-HÁ Á ÁO hydrogen bonds, see Table 3 , andstacking interactions. Symmetric dimers are formed from pairs of each of C4-H4Á Á ÁO31 and C5-H5Á Á ÁO31, see Fig. 4a . Within the dimers are two R 1 2 (5) and one R 2 2 (10) rings. These dimers are then linked by pairs of C34-H34Á Á ÁO2 and C346-H346Á Á ÁO1 hydrogen bonds into a one-molecule-wide column, generating two R 2 2 (8) and one R 2 2 (16) rings. A second sub-structure is formed from alternating -i and -ii interactions, involving the C4A/C5-C8/C8A ring with centroid Cg2 and the C341-C346 ring with centroid Cg3, see Fig. 4b [symmetry codes: (i) 1 À x, Ày, 1 À z; (ii) 1 À x, 1 À y, 1 À z].
The -i interaction is considered to be the stronger, both from the CgÁ Á ÁCg separation [3.8417 (6) compared to 4.1750 (6) Å ] and from its greater overlap, average slippages being 1.820 and 2.325 Å (the rings are inclined to each other). Further confirmation of the relative importance of the two interactions comes from the energy calculations, see Section 3.3. The combination of all the intermolecular interactions provides a three-dimensional arrangement.
Hirshfeld Surface analyses
Hirshfeld surfaces (Spackman & Jayatilaka, 2009 ) and twodimensional fingerprint (FP) plots (Spackman & McKinnon, 2002) , provide complementary information concerning the intermolecular interactions discussed above. The analyses were generated using CrystalExplorer3.1 (Wolff et al., 2012) . The Hirshfeld surfaces mapped over d norm were scaled between À0.33 and 1.23, and are shown in Compound (4: R = C 6 H 5 ). (a) Part of a one-molecule-wide column formed from linking molecules by a combination of C4-H4Á Á ÁO31, and C5-H5Á Á ÁO31, C34-H34Á Á ÁO2 and C346-H346Á Á ÁO1 hydrogen bonds. Within these columns are R 1 2 (5), R 2 2 (10) and R 2 2 (16) rings and (b) part of a column formed from two alternating -i and -ii interactions [symmetry codes: (i) 1 À x, Ày, 1 À z; (ii) 1 À x, 1 À y, 1 À z].
Figure 5
Hirshfeld surface views for [4: R = 3,4,5-(MeO) 3 C 6 H 2 Á0.5DMSO]. The red areas on the surfaces correspond to close contacts. In (a) the site of a close H6Á Á ÁC431 contract is indicated: H6Á Á ÁC431 i = 2.85 Å (sum of contact radii = 2.90 Å ) [symmetry code: (i) 1 À x, Ày, 1 À z].
and have been designated. The FP plots for [4: R = (3,4,5-MeO) 3 C 6 H 2 Á0.5(DMSO)] and (4: R = C 6 H 5 ) are shown in Fig. 7a and 7b, respectively. The blue spikes in the FP plot for (4: R = C 6 H 5 ) ending at (1.2; 0.9) and (0.9;1.1) relate to OÁ Á ÁH/ HÁ Á ÁO contacts and the high intensity of pixels, green and red areas relate to CÁ Á ÁC contacts.
The percentages of atomÁ Á Áatom close contacts are listed in Table 4 . Leaving the HÁ Á ÁH contacts aside, the highest percentages of atomÁ Á Áatom close contacts for [4: R = (3,4,5-MeO) 3 C 6 H 2 Á0.5DMSO], are 28.4 and 23.7% for HÁ Á ÁO/OÁ Á ÁH and HÁ Á ÁC/CÁ Á ÁH, respectively. The corresponding values for (4: R = C 6 H 5 ) are 20.2 and 17.9%.
Lattice energy and intermolecular interaction energy calculations
Lattice energies and intermolecular interaction energies were calculated using the PIXEL routine implemented in the CLP package (Gavezzotti, 2003 (Gavezzotti, , 2008 which allows the calculation of intermolecular energies by distributed charge description on the basis of a preliminary evaluation of charge density from GAUSSIAN at the MP2/6-311G** level of theory (CUBE option). The PIXEL mode calculates the total stabilization energies of the crystal packing, E tot , distributed as coulombic, (E coul ), polarization (E pol ), dispersion (E disp ) and repulsion (E rep ) terms between separate, rigid molecules. Coulombic terms are treated on the basis of Coulombic law, polarization terms are calculated as a linear dipole approximation, dispersion terms are based on London's inverse sixpower approximation involving ionization potentials and polarizabilities and the repulsion term comes from a modulated function of the wave-function overlap.
The presence of a half molecule of DMSO lying at a symmetry centre in [4: R = (3,4,5-MeO) 3 C 6 H 2 Á0.5DMSO], precludes the PIXEL analysis for this structure. Partial analysis of the PIXEL calculations, however, was carried out on (4: R = C 6 H 5 ). The six molecule pairs that contribute most to the total energy of the packing of (4: R = C 6 H 5 ) are shown in Fig. 8 .
The various energies for these six significant molecule pairs are also listed in Fig. 8 . As such energy values pertain to both the reference molecule at x, y, z and its partner in the molecule pair, the energies thus associated with the reference molecule at x, y, z are half of these sums. The total PIXEL energy calculated for the complete lattice is À157.9 kJ.mol À1 . Of that, À123.9 kJ.mol À1 (78.5%) is derived from the six molecule pairs shown in Fig. 8 Two views of the Hirshfeld surface of (4: R = C 6 H 5 )ÁThe red areas on the surfaces correspond to the designated close contacts. 0.094 and was briefly mentioned in a submitted article (Capelini et al., 2019) . The molecule of (4: R = 4-MeOC 6 H 4 ) has a near-planar conformation and possesses equivalent intramolecular hydrogen bonds to those shown by the compounds reported in this article. A database search revealed other types of nitrogen-containing 2-oxo-2H-chromene derivatives, including amido derivatives (Gomes et al., 2016a,b) ; see also: DOLYEK (Borges et al., 2014a) , DOLYIO (Cagide et al., 2015) and DOLYOU (Borges et al., 2014b (Borges et al., , 2016 . Angelova et al. (2017) reported the structures of (1: R 1 = Me, R = C 6 H 5 ) and (1: R 1 = Me, R = pyridine-4-yl).
Synthesis and crystallization
5.1. General procedure for the synthesis of compounds 4
To a suspension of coumarinic acid (cis-o-hydroxycinammic acid, C 9 H 3 OH) (29 mmol, 1.0 equiv.) in CH 3 CN (100 ml) at room temperature, was added HOBt (34.64 mmol, 1.2 equiv.), followed by EDC (65.40 mmol, 2.25 equiv). The reaction was stirred at room temperature for 2 h, and slowly added to a solution of hydrazine hydrate (58.20 mmol, 2.0 equiv.) in CH 3 CN (100 mL) maintaining the temperature below 283 K. Water (70ml) was added to the reaction mixture, which was extracted successively with chloroform (3 Â 95 mL) and aqueous 5% sodium bicarbonate (3 Â 120 mL). The organic phases were collected and rotary evaporated to yield the coumarinic hydrazide (5), as a yellow solid. Crystallization of compound [4: R = (3,4,5-(MeO) 3 C 6 H 2 ] from DMSO solution produced the hemi-DMSO solvate, which on heating slowly decomposed to a dark residue. Attempts to gain suitable crystals for the structural study by slow recrystallization from ethanol solution at room temperature failed.
(E)-N'-Benzylidene-2-oxo-2H-chromene-3-carbohydrazide (4: R = C 6 H 5 ). Yield: 78%. m.p. 403.7 K. Calculated energies for the most significant molecule pairs in (4: R = C 6 H 5 ). 13 C NMR (100 MHz, DMSO-d 6 ) d 116. 2, 118.4, 119.3, 125.3, 127.4, 128.9, 130.3, 130.4, 133.9, 134.3, 147.8, 149.4, 153.9, 158.1, 159.8 . To a solution of the coumarinic hydrazide (5) (0.98 mmol) in absolute ethanol (25 mL), containing a catalytic amount of 37% aq. hydrochloric acid, were added 1.03 mmol (1.05 equiv) of the desired benzaldehyde derivative. The mixture was refluxed until TLC indicated the complete consumption of 5 and the precipitate was collected and dried to yield the desired compound 4, in yields ranging from 55 to 84%. 8, 60.0, 104.5, 116.1, 118.3, 119.3, 125.2, 129.2, 130.2, 134.2, 139.4, 147.6, 149.3, 153.0, 153.8, 157.9, 159.8 . Suitable crystals of 4 for the structural study were obtained by slow evaporation of a solution in ethanol at room temperature
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 5 . C-bound H atoms were refined as riding atoms at calculated positions [C-H = 0.95-0.98 Å with U iso (H) = 1.2-1.5U eq (C)]. That attached to the N atom was refined.
In [4: R = 3,4,5-MeO 3 C 6 H 2 Á0.5DMSO] the solvent DMSO molecule lies on a crystallographic twofold axis. It was refined with a fixed occupancy factor of 0. where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.31 e Å −3 Δρ min = −0.30 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
179.82 (9) Hydrogen-bond geometry (Å, º) Cg1, Cg2 and Cg3 are the centroids of the O1/C2-C4/C4A/C8A, C4A/C5-C8/C8A and C341-C346 rings, respectively. where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.23 e Å −3 Δρ min = −0.19 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0229 (5) 0.0227 (5) 0.0181 (5) −0.0016 (4) −0.0014 (4) −0.0013 (3) C3 0.0215 (5) 0.0223 (5) 0.0192 (5) −0.0002 (4) −0.0009 (4) −0.0011 (4) C4 0.0226 (5) 0.0231 (5) 0.0201 (5) −0.0001 (4) 0.0005 (4) −0.0017 (4) C5 0.0245 (5) 0.0251 (5) 0.0224 (5) −0.0026 (4) −0.0024 (4) −0.0004 (4) C4A 0.0236 (5) 0.0218 (5) 0.0199 (5) −0.0032 (4) −0.0023 (4) −0.0002 (3) C6 0.0279 (5) 0.0270 (5) 0.0232 (5) −0.0045 (4) −0.0076 (4) 0.0016 (4) C7 0.0348 (5) 0.0279 (5) 0.0175 (5) −0.0066 (4) −0.0037 (4) −0.0015 (4) C8 0.0285 (5) 0.0260 (5) 0.0200 (5) −0.0021 (4) 0.0004 (4) −0.0029 (4) C8A 0.0238 (5) 0.0221 (5) 0.0201 (5) −0.0031 (4) −0.0031 (4) −0.0001 (4) C31 0.0237 (5) 0.0242 (5) 0.0200 (5) 0.0021 (4) −0.0006 (4) −0.0009 (4) C34 0.0204 (5) 0.0227 (5) 0.0208 (5) 0.0009 (3) −0.0008 (4) −0.0013 (3) C341 0.0233 (5) 0.0212 (5) 0.0200 (5) −0.0025 (4) −0.0024 (4) −0.0008 (4) 
